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POLYMORPHS OF AN EPOTHILONE ANALOG 

This is a continuation application of U.S Patent Application Serial No. 09/925,1 12, 
filed August 9, 2001, incorporated herein by reference in its entirety, which claims priority to 
U.S. Patent Application Serial No. 60.225/590, filed August 16, 2000. 

Field of the Invention 

The present invention relates to crystedline polymorphic forms of a highly potent 
epothilone analog that is characterized by enhanced properties. 

Background of the Invention 

Epothilones are macrolide compounds that find utility in the pharmaceutical field. 
For example, Epothilones A and B having the structures: 




O OH O 

Epothilone A R=H 
Epothilone B R=Me 



may be found to exert microtubule-stabilizing effects similar to paclitaxel (TAXOL®) and 
hence cytotoxic activity against rapidly proliferating cells, such as, tumor cells or other 
hyperproliferative cellular disease, see Hofle, G., et aL, Ansew. Chem. Int. Ed. En^l. , Vol. 
35, No.13/14, 1567-1569 (1996); WO93/10121 published May 27, 1993; and WO97/19086 
published May 29, 1997. 

Various epothilone analogs have been synthesized and may be used to treat a variety 
of cancers and other abnormal proliferative diseases. Such analogs are disclosed in Hofle et 
aL, Id.\ Nicolaou, K.C., et a/., Angew Chem. Int. Ed. EngL. Vol. 36, No. 19, 2097-2103 
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(1997); and Su, D.-S., etal, Angew Chem. Int. Ed. EngL. Vol. 36, No. 19, 2093-2097 
(1997). 

A particularly advantageous epothilone analog that has been found to have 
advantageous activity is [IS- [1R*,3R*(E),7R*,10S*,11R*,12R*,16S*]]-7,11-Dihydroxy- 
5 8,8, 1 0, 1 2, 1 6-pentamethyl-3-[ 1 -methyl-2-(2-methyl-4-thiazolyl)ethenyl] -4-aza- 1 7- 

oxabicyclo[14.1.0]heptadecane-5,9-dione. In accordance with the present invention, two 
crystal forms of the subject epothilone analog are provided. These polymorphs, which have 
been designated as Forms A and B, respectively, are novel crystal forms and are identified 
hereinbelow. 

10 

Brief Description of the Drawings 

FIG. 1 is a powder x-ray diffraction pattem (CuKa X;=l,5406 A at room temperature) 
of Form A of the subject epothilone analog. 

FIG. 2 is a powder x-ray diffraction pattem of Form B (Cu Ka 1.5406 A at room 
15 temperature) of the subject epothilone analog. 

FIG. 3 is a powder x-ray diffraction pattem of a mixture of Forms A and B (Cu Ka 
X^1.5406A at room temperature) of the subject epothilone analog. 

FIG. 4 is a comparison of the simulated and actual powder x-ray diffraction patterns 
of Forms A and B of the subject epothilone analog. 
20 FIG. 5 is a Raman spectrum of Form A of the subject epothilone analog. 

FIG. 6 is a Raman spectrum of Form B of the subject epothilone analog. 

FIG. 7 is a Raman spectrum of a mixture of Forms A and B of the subject epothilone 

analog. 

FIG. 8 depicts the solid state conformation in Form A of the subject epothilone 

25 analog. 

FIG. 9 depicts the solid state conformation in Form B of the subject epothilone 

analog. 

Summary of the Invention 

30 In accordance with the present invention, there are provided two crystalline 

polymorphs of the epothilone analog represented by formula I. 
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O OH O 

I 

One of these polymorphs, designated Form A, has been found to have particularly 
advantageous properties. The present invention is directed to crystalline polymorphs Form A 
5 and Form B as well as mixtures thereof. The present invention further pertains to the use of 
these crystalline forms in the treatment of cancers and other proliferating diseases and 
pheu-maceutical formulations containing them. 

Detailed Description of the Invention 

10 

In accordance with the present invention, there are provided polymorphs of an 
epothilone analog represented by formula I below 




I 

15 The epothilone analog represented by formula I chemically is [lS- 

[lR*,3R*(E),7R*,10S*,llR*,12R*,16S*]]-7,ll-Dihyd^oxy-8, 8,10,12,16-pentamethyl-3-[l> 
methyl-2-(2-methyl-4-thiazolyl)ethenyl]-4-aza-17-oxabicyclo[14,1.0]heptadecane-5,9-dione. 
This analog and the preparation thereof are described in U.S. patent application Serial No. 
09/170,582, filed October 13, 1998, the disclosure of which is incorporated herein by 

20 reference. The polymorphs of the analog represented by formula I above are microtubule- 
stabilizing agents. They are thus useful in the treatment of a variety of cancers and other 
proliferative diseases including, but not limited to, the following; 
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-carcinoma, including that of the bladder, breast, colon, kidney, liver, lung, ovary, 
pancreas, stomach, cervix, thyroid and skin, including squamous cell carcinoma; 

-hematopoietic tumors of lymphoid lineage, including leukemia, acute lymphocytic 
leukemia, acute lymphoblastic leukemia, B-cell lymphoma, T-cell lymphoma, Hodgkins 
5 lymphoma, non-Hodgkins lymphoma, hairy cell lymphoma and Burketts lymphoma; 

-hematopoietic tumors of myeloid lineage, including acute and chronic myelogenous 
leukemias and promyelocytic leukemia; 

-tumors of mesenchymal origin, including fibrosarcoma and rhabdomyoscarcoma; 

-other tumors, including melanoma, seminoma, teratocarcinoma, neuroblastoma and 
10 glioma; 

-tumors of the central and peripheral nervous system, including astrocj^oma, 
neuroblastoma, glioma, and schwannomas; 

-tumors of mesenchymal origin, including fibrosarcoma, rhabdomyoscaroma, and 
osteosarcoma; and 

15 -other tumors, including melanoma, xeroderma pigmentosum, keratoacanthoma, 

seminoma, thyroid follicular cancer and teratocarcinoma. 

The subject polymorphs will also inhibit angiogenesis, thereby affecting the growth of 
tumors and providing treatment of tumors and tumor-related disorders. Such anti- 
angiogenesis properties will also be useful in the treatment of other conditions responsive to 

20 anti-angiogenesis agents including, but not limited to, certain forms of blindness related to 
retinal vascularization, arthritis, especially inflammatory arthritis, multiple sclerosis, 
restinosis and psoriasis. 

The polymorphs of the analog represented by formula I will induce or inhibit 
apoptosis, a physiological cell death process critical for normal development and 

25 homeostasis. Alterations of apoptotic pathways contribute to the pathogenesis of a variety of 
human diseases. The subject polymorphs, as modulators of apoptosis, will be useful in the 
treatment of a variety of human diseases with aberrations in apoptosis including, but not 
limited to, cancer and precancerous lesions, inmiune response related diseases, viral 
infections, degenerative diseases of the musculoskeletal system and kidney disease. 

30 Without wishing to be bound to any mechanism or morphology, the such crystalline forms of 
the epothilone analog represented by formula I may also be used to treat conditions other 
than cancer or other proliferative diseases. Such conditions include, but are not limited to 
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viral infections such as herpesvirus, poxvirus, Epstein-Barr virus, Sindbis virus and 
adenovirus; autoimmune diseases such as systemic lupus erythematosus, immune mediated 
glomerulonephritis, rheumatoid arthritis, psoriasis, inflammatory bowel diseases and 
autoimmune diabetes mellitus; neurodegenerative disorders such as Alzheimer's disease, 
5 AIDS-related dementia, Parkinson's disease, amyotrophic lateral sclerosis, retinitis 

pigmentosa, spinal muscular atrophy and cerebellar degeneration; AIDS; myelodysplastic 
syndromes; aplastic anemia; ischemic injury associated myocardial infarctions; stroke and 
reperfusion injury; restenosis; arrhythmia; atherosclerosis; toxin-induced or alcohol induced 
liver diseases; hematological diseases such as chronic anemia and aplastic anemia; 
10 degenerative diseases of the musculoskeletal system such as osteoporosis and arthritis; 

aspirin-sensitive rhinosinusitis; cystic fibrosis; multiple sclerosis; kidney diseases; and cancer 
pain. 

The effective amount of the subject polymorphs, particularly Form A, may be 
determined by one of ordinary skill in the art, and includes exemplary dosage amounts for a 

15 human of from about 0.05 to 200 mg/kg/day, which may be administered in a single dose or 
in the form of individual divided doses, such as from 1 to 4 times per day. Preferably, the 
subject polymorphs are administered in a dosage of less than 100 mg/kg/day, in a single dose 
or in 2 to 4 divided doses. It will be understood that the specific dose level and frequency of 
dosage for any particular subject may be varied and will depend upon a variety of factors 

20 including the activity of the specific compound employed, the metabolic stability and length 
of action of that compound, the species, age, body weight, general health, sex and diet of the 
subject, the mode and time of administration, rate of excretion, drug combination, and 
severity of the particular condition. The subject polymorphs are preferably administered 
parenterally, however, other routes of administration are contemplated herein as are 

25 recognized by those skill in the oncology arts. Preferred subjects for treatment include 

animals, most preferably mammalian species such as humans, and domestic animals such as 
dogs, cats and the like, subject to the aforementioned disorders. 

The preparation of the epothilone analogs represented by formula I described in U.S. 
patent application Serial No. 09/170,582 produced the subject epothilone analog as an oil that 

30 can be chromatographed and purified to yield an amorphous powder. A preferred preparation 
is described in a continuing application under Serial No. 09/528,526 filed on March 20, 
2000, the disclosure of which is incorporated herein by reference. In this preparation, as 
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pertains to the analogs represented by formula I, epothilone B is reacted with an azide donor 
agent and a buffering agent in the presence of a palladium catalyst and a reducing agent to 
form an intermediate represented by the formula 




5 A macrolactamization reaction is then carried out on the intermediate to form the analog 
represented by formula I. It has now been found that this analog, in its crystalline form, 
consists of a mixture of Forms A and B as fully described herein. The amorphous form of 
the epothilone analog represented by formula I can be taken up in a suitable solvent, 
preferably a mixed solvent such as ethyl acetate/dichloromethane/triethylamine, purified such 

10 as by silica gel pad filtration, and crystallized by cooling to a temperature of about 5^C to 
form a crystalline material that is a mixture of Form A and Form B, The purification step 
using a solvent mixture containing a component such as dichloromethane removes residual 
solvents from the synthesis that could interfere with the crystallization process. 

Generally, taking the purified material in a limited amount of ethyl acetate and 

15 heating the resultant slurry to about 75-80''C will cause the formation of Form A. By limited 
amount is meant from about 8 to 16 mL, preferably from about 8 to 12 mL, of ethyl acetate 
per gram of purified material. As the solution is heated, a thin slurry forms which has been 
found to be predominately Form B. At about 75°C the slurry undergoes a material 
thickening which has been found to be the formation of Form A. The slurry is held at about 

20 75-80^C for about an hour to assure completion of the formation of Form A at which time 
cyclohexane is added to the slurry in a ratio to ethyl acetate of from about 1:2 to 2:2, 
preferably about 1:2, and the mixture is allowed to cool to ambient temperature at which it is 
maintained with stirring for a period of from about 12 to 96 hours. The mixture is then 
cooled to about 5*^C over about two hours after which the crystals of Form A of the subject 

25 epothilone analog are recovered. Form A is afforded in good yield and purity. 

Alternate procedures for the preparation of Form A involve the addition of seed 
crystals. In the descriptions that follow, seed crystals of Form A were used, but seed crystals 
of Form B, or mixtures thereof can be used as well. In one such procedure, the purified 
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material is taken up in a limited amount of ethyl acetate as described above and heated to 
about 75°C, seed crystals are added and the mixture maintained for about 30 minutes. An 
amount of cyclohexane as described above is then added dropwise maintaining the 
temperature at about 70°C. The mixture is thereafter cooled to 20°C and held with stirring 
5 for 18 hours after which it is cooled to 5°C and the white crystals of Form A recovered by 
physical separation, e.g. filtration. 

In a second procedure, the initial solution of material in ethyl acetate is heated to 
75°C for at least an hour until a solution is produced. The solution is cooled to about 50°C 
over the course of about two hours adding seed crystals of Form A when the temperature 

10 reaches about 60°C. Crystals begin to appear at about 55°C. The temperature is again 
reduced to about 20°C over a further two hours during one hour of which an amount of 
cyclohexane as described above is added dropwise. The final slurry is further cooled over 
two hours to -10°C and held at that temperature for an additional hour. The slurry is then 
filtered to afford white crysteils of Form A. 

15 In a further alternate procedure, the material is taken up in a larger amount, i.e. at 

least about 40 mL/g of ethyl acetate and the resultant slurry heated to about 80 °C until a 
solution is formed which is then cooled to about 70®C over the course of about one hour. 
Seed crystals of Form A are added when the solution temperature reaches about 70''C. The 
temperature is then reduced to about SO^'C over a further three hours. Crystals begin to 

20 appear at about 65°C. The temperature is reduced to -lO^^C over an additional three hours 
during a thirty minute period thereof a quantity of cyclohexane as described above is added 
dropwise. The temperature is maintained at -10°C for a further hour. The final slurry is 
filtered to afford white crystals of Form A. The yield and purity of Form A by these 
procedures is considered very good. 

25 Form B of the subject epothilone analogs represented by Formula I above is obtained 

by forming a slurry of the crude material in a larger quantity of ethyl acetate, i.e. from about 
40 to 50 mL per g., and heating at 70°C to SO^'C for an hour to form a solution which is then 
held at temperature for about thirty minutes. The solution is cooled to about 30°C over the 
course of about two hours, crystals beginning to appear at about 38''C. The temperature is 

30 further reduced to about -lO'^C over one hour during which a quantity of cyclohexane as 
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described above is added dropwise over a period of thirty minutes. The final slurry is held at 
-10**C over a further two hours and filtered to afford white crystals of Form B. 

In an alternative preparation to that above, the crude material is slurried with a like 
quantity of ethyl acetate and heated to about 78°C to form a solution that is then held at 
5 temperature for about thirty minutes. The solution is cooled to about lO'^C over the course of 
about two hours and seed crystals of Form A are added when the temperature reaches about 
lO^C. The temperature is again reduced over a further two hours to -10°C during a thirty 
minute period thereof an amount of cyclohexane as described above is added dropwise. The 
temperature is maintained at -10°C for two hours. The final slurry is filtered to afford white 
1 0 crystals of Form B . 

In a further altemate procedure, the purified material is taken up in another solvent, 
preferably toluene, in an amount between about 10 and 20 mL per g., and heated to 75®C to 
80°C for 30 minutes and then allowed to cool to 20°C and maintained for 18 hours with 
stirring. White crystals of Form B are recovered from the slurry by physical separation. The 
15 yield and purity of Form B by these procedures is considered very good. 

FIGs 1 through 3 are powder x-ray diffraction patterns of Forms A, B and a mixture 
thereof, respectively, of the subject analog. FIG. 4 is a comparison of powder x-ray 
diffraction pattems simulated from the single crystal structures for Forms A and B with the 
actual pattern for each. X-ray diffraction pattems were generated from a Philips Xpert with a 
20 generator source of 44kV and 40 mA and a CuKa filament of X= 1.5406 A at room 

temperature. In the results shown in FIGs 1-4, as well as in Tables 1 and 2 below which 
contain the data in sunmiary form, the differences clearly establish that Forms A and B of 
the subject epothilone analog possess different crystalline structures. In the Tables, Peak 
Intensities of from 1 to 12 are classified as very weak, from 13 to 32 as weak, from 33 to 64 
25 as average, from 65 to 87 as strong and from 88 to 100 as very strong. 



Table 1 
Values for Form A 



Peak Position 
(two theta) 
(CuKa ?i= 1.5406 A 
at room temperature) 


Relative Peak 
Intensity 


Peak Position 
(two theta) 


Relative Peak 
Intensity 


5.69 


Very weak 


21.06 


Very strong 
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6.76 


Very weak 


21.29 


Weak 


8.38 


Very weak 


22.31 


Weak 


11.43 


Weak 


23.02 


Weak 


12.74 


Very weak 


23.66 


Weak 


13.62 


Very weak 


24.18 


Very weak 


14.35 


Very weeik 


24.98 


Weak 


15.09 


Very weak 


25.50 


Weak 


15.66 


Weak 


26.23 


Very weak 


16.43 


Very weak 


26.46 


Very weak 


17.16 


Very weak 


27.59 


Very weak 


17.66 


Very weak 


28.89 


Very weak 


18.31 


Weak 


29.58 


Very weak 


19.03 


Weak 


30.32 


Very weak 


19.54 


Average 


31.08 


Very weak 


20.57 


Weak 


31.52 


Very weak 


Table 2 
Values for Form B 


Peak Position 
(two theta) 
(CuKa X=1.5406 A 
at room temperature) 


Relative Peak 
Intensity 


Peak Position 
(two theta) 


Relative Peak 
Intensity 


6.17 


Very weak 


21.73 


Average 


10.72 


Very weak 


22.48 


Very strong 


12.33 


Weak 


23.34 


Average 


14.17 


Weak 


23.93 


Average 


14.93 


Average 


24.78 


Average 


15.88 


Average 


25.15 


Weak 


16.17 


Average 


25.90 


Weak 


17.11 


Average 


26.63 


Average 
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17.98 


Weak 


27.59 


Very weak 


19.01 


Very strong 


28.66 


Weak 


19.61 


Average 


29.55 


Weak 


20.38 


Average 


30.49 


Weak 


21.55 


Average 


31.22 


Weak 



FIGs 5 through 7 are the results of Raman spectroscopy of Forms A, B and a mixture 
thereof, respectively, of the subject analog. The spectra also demonstrate two distinct crystal 
forms, in particular the bands at 3130 cm-1 and 3115 cm-1. 
5 Distinguishing physical characteristics of the two polymorph forms are shown in 

Table 3 below. Solution calorimetry was determined using a Thermometries 
Microcalorimeter in ethanol at 25°C. The solubilities were likewise determined at 25*^C. It is 
further evident from certain of the data, particularly the heat of solution, that Form A is the 
more stable and, therefore. Form A is preferred. 

10 



Table 3 



Characteristic 


Form A 


FormB 


Solubility in Water 


0.1254 


0.1907 


Solubility in 3% Polysorbate 80 (Aqueous) 


0.2511 


0.5799 


Heat of Solution 


20.6 kJ/mol 


9.86 kJ/mol 



Form A and Form B of the epothilone analogs represented by formula I above can be 
further characterized by unit cell parameters obtained from single crysted X-ray 
15 crystallographic analysis as set forth below. A detailed account of unit cells can be found in 
Chapter 3 of Stout & Jensen, X-Ray structure Determination: A Practical Guide. MacMillian 
Co., New York, NY (1968). 

Unit Cell Parameters of Form A 

20 Cell dimensions a = 14.152(6) A 

b = 30.72(2) A 
c= 6.212(3) A 
Volume = 2701(4) A^ 
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Space group 

Molecules/unit cell 
Density (calculated) (g/cm^) 
5 Melting point 



P2i2,2i 

Orthorhombic 

4 

1.247 

182-185° C (decompostion) 



10 



15 



Cell dimensions 



Space group 



Molecules/unit cell 



Unit Cell Parameters of Form B 

a = 16.675 (2) A 
b = 28.083(4) A 
c = 6.054(1) A 
Volume = 2835(1) 
P2i2i2i 
Orthorhombic 
4 



Density (calculated) (g/cm^) 1 . 1 87 

Melting point 19 1 - 1 99° C (decompostion) 



The differences between Forms A and B of the subject epothilone analog are further 
illustrated by the solid state conformations of each as illustrated in FIG. 8 and FIG. 9, 
20 respectively, based on the fractional atomic coordinates listed in Tables 4 through 7 below. 

Table 4 

Fractional Atomic Coordinates for the Epothilone Analog of Formula I: Form A 



Atom 


X 




Y 




Z 


Ull*10e2 


CI 


0.3879( 


3) 


0.4352( 


1) 


0.5503( 9) 


60( 6) 


Qi 


0.4055( 


2) 


0.4300( 


1) 


0.7435( 5) 


68( 4) 


C2 


0.2864( 


3) 


0.4340( 


1) 


0.4675( 7) 


42(6) 


C3 


0.2696( 


3) 


0.4210( 


1) ^ 


0.2325( 7) 


56( 6) 


03 


0.3097( 


2) 


0.4550( 


1) 


0.1027( 5) 


71(4) 


C4 


0.1615( 


3) 


0.4154( 


1) 


0.1852( 7) 


50( 6) 


C5 


0.1289( 


3) 


0.3732( 


1) 


0.2895( 8) 


58( 6) 


05 


0.0935( 


3) 


0.3748( 


1) 


0.47 13( 6) 


135( 6) 
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\J,JD / d\ 0 ^ 
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1 ^ 


n ^07^/^ 


/D\ O) 










9\ 
Z ) 


U.^ZDj(^ 


CQ/ /C\ 

0) 


ZD 


S28 


0.6529( 1) 






U.l0DD( Z) 


yz( Z) 




C29 


0.6196( 4) 


0.5846( 


2) 


0.1632( 9) 


85( 7) 




C30 


0.7292( 4) 


0.6703( 


2) 


0 ^^9'^/' lo^ 






Table 4 Continued 












U22*10e2 


U33*10e2 


U12*10e2 


U13*10e2 


U23*10 


30 


25(4) 


138( 8) 


-2(4) 




16(5) 


-9(4 




85(4) 


100( 5) 


6( 3) 




4( 3) 


1(3 




64(5) 


106( 6) 


0(4) 




3(4) 


-5(4 
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-13( 5) 
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3(6) 


75(6) 


186( 8) 


-29(5) 


-5(6) 


-10(6) 
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Table 5 
Hydrogen Positions: Form A 
Atom X Y Z U*10E2 



5 


H21 




0 41 Mr 0^ 


0 SfiSQr' o^ 


A 9lf,C CW 
*-r,o\j\ yjj 




H22 


0 9S76r O'k 




O 4R7 1 C CW 


A HfiC CW 






0 '^OSfi^ o^ 


o %c^c\^c cw 


O 900^/^ O"^ 


A ^QC CW 
H-,Dyy yj) 




XX J 


O '^d'^'^l' O'i 


C\AA\A( CW 


n CY)A^ ( cw 


S ^'^C CW 
D^DDy yj ) 




XlU 1 


O 1 0S1 o^ 


n '\"xc\A( cw 


C\ C\fxAf\C cw 


S CW 
D,Z)Dy yj) 




n. / 1 


O OQ^Or' O^ 


o ock^oc cw 

U.ZV^Z^ yj) 


n AfkCiic cw 


S 9.C\C cw 

D.oyjy yj) 




T-T7 




C\ 997A/^ CW 


n 1 ^9.c cw 
LOoy yj) 


7 O'^c cw 
t .zoy yj) 




jno 1 


U.ZrJOO^^ \J) 




n s 1 CYic cw 


s si^c cw 
D.oOy yj) 








n 'XCYXK cw 


n 1 f^n^c cw 


A\C cw 






n '^9 1 7/ 


n 9 AO 1 c ci\ 


U.ZDZ/^ 


fs. A\c cw 




niui 




n o^A^c cw 


\),DLD\)y yj) 










n o^Qnc cw 


c\ K^finc cw 


\y,3^y y)) 




HI 1 1 


n AfSLK cw 


U.ODi!7^ KJ) 


\j,DLoZ\ yj) 






Xll iZ 


u.ooZ:>^ 


u.oDiy^ U) 


n < 1 TO/' cw 


< fic\f cw 




xxl^I 


n ^^on^f (w 

U,DZ/j(^ 






^ f^c\( cw 
DAyjy \j) 








c\ Ai 1 1f cw 

U.^l 1. f\ \J) 


n '^Q 1 AC cw 


c QQ/ n\ 




HI 49 


O SRO'^/' o^ 


n '^oni c cw 


c\ Of^^oc cw 
yj.ZAjD^y yj) 


D,ooy yj) 




HI SI 

xxU 1 


\j,d\joo\ yj) 


n A^AOc cw 


n A9521 c cw 
u.Dzon^ yj) 


D.^j^^ yj) 




H I f\ 


O A^^'^C CW 


O AAAIC CW 


n OAOOC cw 


^.oov, yj) 




H171 

X 1 X / ± 




O AA'^K CW 


n 1 ri/zn/ rv\ 
-U. 1 JO / y yj) 


f\ oo/" cw 
\j,^yjy yj) 




H172 


0.1919( 0) 


0.3871( 0) 


-0.1308( 0) 


6.90( 0) 




H173 


0.0763( 0) 


0.4077( 0) 


-0.1076( 0) 


6.90( 0) 




H181 


0.1273( 0) 


0.4835( 0) 


0.1956( 0) 


6.31(0) 




H182 


0.0295( 0) 


0.4491( 0) 


0.2355( 0) 


6.31(0) 




H183 


0.1123( 0) 


0.4566( 0) 


0.4436( 0) 


6.31(0) 


30 


H191 


0.0370( 0) 


0.2923( 0) 


-0.0226( 0) 


8.78( 0) 




H192 


-0.0186( 0) 


0.3233( 0) 


0.1794( 0) 


8.78( 0) 




H193 


0.0259( 0) 


0.349 1( 0) 


-0.0525( 0) 


8.78( 0) 
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H201 0.3050( 0) 0.2635( 

H202 0.1828( 0) 0.2733( 

H203 0.2252( 0) 0.2304( 

H211 0.4260( 0) 0.3415( 

5 H212 0.4998( 0) 0.2955( 





yj. / J^^y yjj 


O. I. 1 \ \J ) 


0) 


0.7536( 0) 


8.17(0) 


0) 


0.5923( 0) 


8.17(0) 


0) 


0.895 1( 0) 


6.84(0) 


0) 


0.8754( 0) 


6.84( 0) 



Table 6 

Fractional Atomic Coordinates for the Epothilone Analog of Formula I: Form B 





Atom 


A 


XT- 

Y 


z 


TT1 l5l«1/A.^O 

Ull*10e2 


1 c\ 




U.zJ lo( 2) 


0.1043( 2) 


0.7342( 8) 


56( 4) 




1 


0,232 1( 2) 


/All cr\/^ 1 \ 

0.1159( 1) 


0.5376( 5) 


131(4) 




C2 


1010/" 

0.l5l2( 2) 


0.0623( 1) 


0.8106( 7) 


62( 4) 




C3 


0.1535( 2) 


0.0622( 1) 


1.0506( 7) 


52(4) 






0.222o( 2) 


0.0539( 1) 


1.1856( 5) 


ox. 

65( 3) 


ID 


C4 


0.087o( 2) 


0.0237( 1) 


1.0903( 7) 


63(4) 




C5 


0.009o( 2) 


0.0415( 1) 


0.9838( 8) 


57(4) 






-U.U1J2( 2) 


f\ /AO CO/ 1 \ 

0.025 2( 1) 


0.81 17( 6) 


100( 4) 






A f\Af\C\f 0\ 


U.079o( 1) 


1.102i( o) 


53(4) 






-U.U/!)4( 2) 


U.11D1( 1) 


0.yj7i( 9) 


oO( 4) 


ZXj 


w/ 






l.UoUO( /) 


TO/ ON 

79( 3) 




C8 


-0.0135( 3) 


0.1468( 1) 


0.8213( 8) 


75( 5) 




C9 


0.0274( 2) 


0.1817( 1) 


0.9812( 9) 


80( 5) 




CIO 


0.0946( 3) 


0.2107( 2) 


0.8766( 10) 


95( 5) 




CU 


0.1389( 3) 


0.2407( 2) 


1.0447( 11) 


97( 5) 


25 


C12 


0.2065( 3) 


0.2688( 2) 


0.9440( 11) 


1 10( 6) 




012 


0.2653( 2) 


0.2862( 1) 


1.1070( 8) 


124( 4) 




C13 


0.2894( 3) 


0.2520( 2) 


0.9406( 10) 


104(6) 




C14 


0.3190( 3) 


0.2049( 2) 


1.0281( 10) 


117(6) 




C15 


0.3253( 3) 


0.1676( 1) 


0.8388( 8) 


86( 5) 


30 


N16 


0.2738( 2) 


0.1273( 1) 


0.8901 ( 7) 


64(4) 




C17 


0.0762( 3) 


0.0176( 2) 


1.3416( 8) 


102( 6) 




C18 


0.1109( 2) 


-0.0244( 1) 


0.9909( 8) 


82(5) 
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1 91Q7r 101 












0 fO10( Q\ 


1 AO/' 71 
l^^K f) 










O lldflf 1 SI 


1 /D{^ y) 








n 1 "OK o\ 


O700ir R\ 


ov^V, ^ ) 








n 1784./" "^^ 


O {\Q( 1 '^'^ 
V/.D 1 yjzfy ^'^J 


1 A1 /' R1 
14H 










O Q'^ 1 Q{ Q\ 


OOV^ D) 




P9S 






O 0'^Af\{ o\ 


nfy( SI 










O n^HK Sl\ 

yj, /D / / \ o) 


71 SI 




C27 


0.6498( 3) 


0.0890( 2) 


0.7986( 10) 


98( 6) 


10 


S28 


0.6565( 1) 


0.06 12( 1) 


1.0487( 3) 


107( 1) 




C29 


0.5605( 3) 


U.(J/oj( 2) 


1 1 / 1 A\ 

1.iUd3( 10) 


93( 6) 




C30 


0.7206( 4) 


0.089 1( 3) 


0.6410( 12) 


102( 7) 




Table 6 Continued 










U22*10e2 U33*10e2 


TTl 9*1 AoO 


T T 1 '5 * 1 0^O 


uzj^ luez 




74(5) 


86(6) 


D( 4) 


-0( 4) 


-IOC ->) 




88( 3) 


74(4) 


OA/ 




-/( 5) 




85( 5) 


68( 5) 


-/( 4; 


-0( 4) 


-ZZ( D) 




67(4) 


71(5) 




-ly^ 4; 


A/' A1 
-0( 4) 




123( 4) 


96(4) 


nf Q\ 
/( J) 


-zy( J) 


1 A1 
4) 




75(4) 


63(5) 


o\ 4; 


A/" A^ 
-4( 4) 


1 0/' A^ 
-lUQ 4; 




61(4) 


78( 5) 




9/^ A1 
-Z( 4) 


-1U( 4) 




103( 4) 


100( 4) 






A\ 
4; 




77(4) 


92( 6) 


14^ 4; 




-1 /( ^) 




111(4) 


185( 5) 


4u^ 


zz( 4; 


1 O/^ A1 

-iu( 4; 




74(5) 


106( 6) 


4(, 4; 




1 A^ s^ 




69(4) 


136( 7) 


-iu(, 4; 


1 SI 
"H D) 


1 SI 




89(5) 


175( 8) 


-zn ^; 


1 Sr 7\ 


97/^ fi\ 




98(6) 


191(9) 


-22( 5) 


27( 7) 


-48( 7) 


30 


64( 5) 


208( 9) 


-16(5) 


10(7) 


-28( 6) 




98(4) 


241 ( 7) 


-36( 3) 


30( 5) 


-77(5) 




82(5) 


169( 9) 


-25(5) 


23( 6) 


-38( 6) 
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Of\( f\\ 


^'XC fk\ 
~DD\ O) 


1A( 






1 R/' A\ 

-16^ ^; 


-1 /{^ D) 


1 ^c ^^ 


1 nor 4^ 






-zo^ 


-ij^ 4; 


1 QC A\ 

-Ly( 4) 




\J\J\ O ) 






^C K\ 






1 O) 








QC <\ 




1 R7/' 






34( O) 


90/ '7^ 

zy( /) 


1 1 \j\ yj ) 


O ) 




^c\c A\ 


1 0f A^ 


99/ 










U(li) 


9 1 0\ 

zi( y) 




iUO^^ O ) 




-zy( 4; 


^( ^\ 


^c ^^ 








952/^ c^ 
Zo(^ 




1 A ^^^^ i \ 
14oQl 1 ) 








^c ^\ 


J( !)) 


91/ 
Zl( 0) 








1 OC A\ 

-1Z( 4) 


9/^ <\ 

Z( 5) 


-2( 6) 








oc ^\ 
ZC D) 


^c <\ 


3( 6) 


165( 7) 


125( 7) 




-5(6) 


-13(6) 


-19(7) 


128( 2) 


173( 2) 




12( 1) 


-25(2) 


0(2) 




loo( V) 




4(5) 


3(6) 


43( 7) 








45(10) 


18(7) 


-17(12) 








Table 7 










Hydrogen Positions: Form B 




Atom 






Y 


Z 


T T* 1 m79 


wo 1 


n 1 9^^/ 




0.0616( 0) 


0.7084( 0) 


4.oO( U) 




n 9 1 ^Q/" 




0.0306( 0) 


0.7857( 0) 


4.oO( U) 


T-T^ 1 

ri:> 1 






0.0969( 0) 


1.0910( 0) 


4.3i( U) 




n 99A'^/' 

u.zz^oi^ 


cw 


0.0785( 0) 


1.3075( 0) 




n.o 1 






0.0983( 0) 


1.2199( 0) 




n. / 1 






0.0964( 0) 


0.8057( 0) 


c fs^( cw 


n. / 






0.1655( 0) 


0.9542( 0) 


/.OZ^ \j) 


H81 


0.03 13( 


0) 


0.1244( 0) 


0.7484( 0) 


5.58( 0) 


H91 


-0.01 80( 


0) 


0.2062( 0) 


1.0453( 0) 


6.10( 0) 


H92 


0.0520( 


0) 


0.1619( 0) 


1.1189( 0) 


6.10( 0) 


HlOl 


0.1365( 


0) 


0.1874( 0) 


0.7953( 0) 


7.47( 0) 
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HI 09 


0 0M^ ( cw 


0 914Qr 


0 I'^JK CW 


7 die 0^ 


H1 1 1 

X1.X X X 






1 1904.r 0^ 

X ■ X ^Kr-ry \J ) 


1 IdC CW 
1*1 *-Ty \j) 


H1 19 

xrxx x^ 


0 1 fPi^( (W 


0 9170r 0^ 




1 ld( C\\ 


Hl^l 

xri.x ^ X 




0 961 O'fc 


0 R107r 0^ 


7 1 r O'fc 
/ .J xy yjj 


HMl 

irxx*TX 


0 "M1Q( CW 

\J,0 I I ^\ \J) 




1 lOlfi^' O'fc 

l.XvlXU^ \J) 


1 f^^C CW 


HI 4.9 
irx 


\j,Z*fO\J\ \J) 


o I090r' 


1 1 s'^nr o^ 

i.ijjw^ yj) 


1 f\\C CW 
1 .Di^ yj) 


HI SI 

XXX J X 


n "^CiAfsf (w 




O ^^iRSO/" CW 


< nAC CW 

D» / yj) 


H1^ 
n ID 






1 04.R7/' O^ 


D, / ly yj) 


H171 

n. X / X 




-0 ooRRr 


1 ^l^'^C CW 
L,j/ JDy yj J 


D. \J ) 


H179 

n. X / 


n 1 Q 1 Q/^ m 


o ncif^df o^ 


1 A^l^^ cw 

I 1 / ly yj) 


yj.ooy yj) 


HI 7'^ 
nx / o 




o OS1 9^" 


1 AAf\^( CW 
l.^LyjDy yj) 


^ CW 
yj.DDy yj) 


HI Rl 
nio 1 




OOSOI/" o^ 


1 c^^^A( CW 


S SR/" CW 
D.Doy yj) 


HI R9 


nil Qoc 


o (Y>cn( (w 


O R199/' 


< <QC CW 
D,Doy yj) 








1 0/%9R/' O^ 


< CO/ m 
D.jo^ yj) 


H1Q1 




O C\11A( CW 


1 '^noo/' o'k 


R C\AC CW 
o.yj^-y yjj 








1 1 CYXf^f CW 


R CiAC CW 
o.yJ^-y yJ) 






n cvyiAC CW 


1 "\AC\0( CW 


R HAC CW 
o,yj^'\ yj) 








n ^AOQC CW 
\J,DH-Z,yy \J) 


7 9.QC CW 








c\ snso/' CW 


7 910C CW 
/ .oyy yJ) 






n 1 OS \c CW 

\J.LyD Ly KJ) 




7 RQ/ CW 

f ,oyy yj) 


H91 1 


u, i^yoi^ yj) 




U.OZD>'l^ yj) 


1 1 AHC CW 


H91 9 




O ^^909/" O^ 


O RAOJ./' O^ 


1 1 47^ n\ 

1 1.^- /y KJ) 


H91 




O "^9^^/" CW 


o lofnc CW 

yj. 1 z\j ly yj) 


1 1 die (W 
1 L,H- / y KJ) 


H9^1 




n 1 f\C\o( CW 


1 nssQ/" ci\ 

L.yJDDyy yJ) 


fs, ^1( CW 
yj.D lyKJ) 


H291 


0.529 1( 0) 


0.0702( 0) 


1.2584( 0) 


7.73( 0) 


H301 


0.7003( 0) 


0.0920( 0) 


0.4744( 0) 


13.05( 0) 


H302 


0.7623( 0) 


0.1165( 0) 


0.681 1( 0) 


13.05( 0) 


H303 


0.7525( 0) 


0.0542( 0) 


0.6572( 0) 


13.05( 0) 



Based on the foregoing data, it is concluded that Forms A and B are unique crystalline 
entities. 
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The following non-limiting examples serve to illustrate the practice of the invention. 

Example 1 

[lS-[lR*3R*(E)JR*a0S*JlR*J2R*46S*]]-7Jl-Dihydroxy-8,8J0J2a6-pentamethyl^^ 
5 [l-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-4-aza-17-oxabicyclo[14.1.0]heptadecane-5,9- 
dione. 

To a jacketed 125 mL round bottom flask, fitted with a mechanical stirrer, there was 
combined epothilone-B (5.08 g), tetrabutylammonium azide (BU4NN3) (3.55 g, 1.25 

10 equivalents), ammonium chloride (1.07g, 2 eq), water (1.8 ml, 10 equivalents), 

tetrahydrofuran (THF) (15 ml), and N,N-dimethylformamide (DMF) (15 ml). The mixture 
was inerted by sparging nitrogen subsurface for 15 minutes. In a second flask was charged 
tetrahydrofuran (70 ml), followed by trimethylphosphine (PMes) (1.56 ml, 1.5 equivalents), 
then tris(dibenzilideneacetone)-dipalladium(0)-chloroform adduct (Pd2(dba)3 CHCl3)(0.259 g, 

15 0.025 equivalents). The catalyst mixture was stirred for 20 minutes at ambient temperature, 
then added to the epothilone-B mixture. The combined mixture was stirred for 4.5 hours at 
30 °C. The completed reaction mixture was then filtered to remove solid ammonium 
chloride (NH4CI). The filtrate contained (pS, eR, ^S, tlS, 2R, 3S)-3-[(2S, 3E)-2-amino-3- 
methyl-4-(2-methyl-4-thiazolyl)-3-butenyl]- p, ^-dihydroxy-y, y, e, tj, 2-pentamethyl-8- 

20 oxooxiraneundecanoic acid, tetrabutylanmionium salt (1:1) with a HPLC area of 94. 1 %. 
In a 500 mL flask there was combined l-[3-(dimethylamino)propyl]-3- 
ethylcarbodiimide hydrochloride (EDCI) (3.82 g, 2 equivalents), l-hydroxy-7-benzotriazole 
hydrate (HOBt) (1.68 g, 1.1 equivalents), potassium carbonate (1.38 g, 1 equivalent), N, N- 
dimethylformamide (DMF) (40 ml) and tetrahydrofuran (THF) (160 ml). The mixture was 

25 warmed to 35*^C and the filtrate from above was added thereto, dropwise over a period of ' 
three hours. This mixture was then stirred for an additional 1 hour at 35 °C. Vacuum 
distillation was then applied to the reaction mixture to reduce the volume thereof to about 80 
mL. The resulting solution was partitioned between 100 mL of ethyl acetate and 100 mL of 
water. The aqueous layer was then back-extracted with 100 ml ethyl acetate. The combined 

30 organic layers were extracted with 50 ml water and then 20 mL brine. The resulting product 
solution was filtered through a Zeta Plus® pad and then stripped to an oil. The crude oil was 
dissolved in dichloromethane (20 mL) and washed with water to remove final traces of 
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synthesis solvents and stripped to a solid. The crude solid was chromatographed on silica gel 
60 (35 ml silica per gram of theoretical product) with an eluent comprised of 88% 
dichloromethane (CH2CI2), 10%-30% ethyl acetate (EtOAc) and 2% triethylamine (EtaN). 
The fractions were analyzed by HPLC, the purest of which were combined and stripped to 
5 give the purified solid. The resulting solid, approx. 2 g, was slurried in ethyl acetate (32 ml) 
for 40 minutes at TS^'C, then cyclohexane (C6H12) (16 ml) was slowly added, and the mixture 
cooled to 5°C. The purified solid was collected on filter paper, washed with cold ethyl 
acetate/cyclohexane, and dried. The yield was 1.72 g (38% yield) of the white solid product, 
[lS-[lR*,3R*(E),7R*,10S*JlR*,12R*,16S*]]<7Jl-dihydroxy-8,840,12J6-pentamethyl^^ 
10 [1 -methyl-2-(2-methyl-4-thiazolyl)ethenyl] -4-aza- 1 7-oxabicyclo [14.1.0] heptadecane-5,9- 
dione, with a HPLC area of 99.2%. 



Example 2 

[IS-[lR*,3R*(E),7R*,10S*,llR*,12R*,16S*]]-7,ll-Dihydroxy-8,8,10,12,16-pentamethyl-^^ 
15 [l-methyl-2-(2-methyl-4-thiazolyl)ethenyl]-4-aza-17-oxabicyclo[14. 1 .0]heptadecane-5,9- 
dione. Form A. 

A 250 mL three-neck flask was charged with 0.61 g of the title compound that had 
been purified (silica gel pad filtration with EtOAc/hexane/EtaN as the eluent, HPLC area of 

20 96.88) and ethyl acetate (28 mL, 46 ml/1 g). The resultant slurry was heated to 75°C. All of 
solids were dissolved after the slurry was stirred at 75°C for 60 minutes. The afforded 
solution was cooled from 75 °C to 50'^C over 120 minutes, seed crystals of Form A being 
added at 60''C. Crystals appeared at 55°C. The temperature was thereafter cooled to 20°C 
over 120 minutes, while cyclohexane (35 mL, 57 mL/1 g) was added dropwise to the mixture 

25 over a period of 60 minutes. The obtained slurry was cooled to -10°C over 120 minutes, and 
maintained for an additional 60 minutes. The slurry was filtered and the afforded white 
crystals were dried to give 0.514 g of the title compound. Form A, in 84.3% yield with an 
HPLC area of 99.4. 

30 Form A - Alternate Procedure 

A 250 mL three-neck flask was charged with 0.51 g of the title compound that had 
been purified (silica gel pad filtration with EtOAc/hexane/EtsN as the eluent, HPLC area of 
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96) and ethyl acetate (8.5 mL, 16.7 ml/1 g). The resultant slurry was heated to 80^C. The 
afforded solution was cooled from 80*^C to 70*^C over 60 minutes, seed crystals of Form A 
being added at 70°C. The temperature was thereafter cooled to 30^C over 180 minutes. 
Crystals appeared at 65^C. The solution was further cooled to -10°C over 180 minutes, 
5 while cyclohexane (10.2 mL, 20 mL/l g) was added dropwise to the mixture over a period of 
30 minutes. The obtained slurry was cooled maintained for an additional 60 minutes. The 
slurry was filtered and the afforded white crystals were dried to give 0.43 g of the title 
compound. Form A, in 84.3% yield with an HPLC area of 99.7. 

10 Form A - Alternate Procedure 

A 500 mL three-neck flask was charged with 18.3 g of a mixture of Forms A and B 
that had been purified (silica gel pad filtration with EtOAc/dichloromethane/EtsN as the 
eluent, HPLC area of 99) and ethyl acetate (183 mL, 10 ml/1 g). The resultant slurry was 
heated to 75*^C, seed crystals of Form A were added and the temperature was maintained for 

15 30 minutes. Cyclohexane (90.2 mL, 5 mL/l g) was added dropwise to the mixture keeping 
the temperature at 70°C. After completion of the addition, the temperature was lowered to 
20°C and the mixture maintained with stirring for a further 18 hours. The temperature was 
thereafter lowered to S^'C and maintain for 5 hours. The slurry was filtered and the afforded 
white crystals were dried to give 16.1 g of the title compound. Form A, in 88% yield with an 

20 HPLC area of 99.49. 



Example 3 

[lS-[lR*,3R*(E),7R*,10S*,llR*,12R*,16S*]]-7,ll-Dihydroxy-8,8,10,12,16-pentameth 
[ 1 -methyl-2--(2-methyl-4-thiazolyl)ethenyl] -4-aza- 1 7-oxabicyclo[ 14.1 .0]heptadecane-5 ,9- 
25 dione. Form B. 

A 250 mL three-neck flask was charged with 0.108 g of the title compound that had 
not been purified as in Example 2, N,N-dimethyl formamide (0.0216 g) and ethyl acetate (5 
mL, 46 ml/1 g). The resultant slurry was heated to 80°C and stirred for 30 minutes to 
30 dissolve all solids. The afforded solution was cooled from 80''C to 30''C over 120 minutes, 
crystals appearing at 38^C, Cyclohexane (7.5 mL, 69.5 mL/l g) was added dropwise to the 
mixture over a period of 30 minutes while the temperature was cooled to -10°C over 60 
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minutes, and maintained for an additional 120 minutes. The slurry was filtered and the 
afforded white crystals were dried to give 0.082g of the title compound. Form B, in 76% 
yield with an HPLC area of 99.6. 

5 Form B - Alternate Procedure 

A 250 mL three-neck flask was charged with 0.458 g of the title compound that had 
not been purified as in Example 2 and contained about 6% of N,N-dimethyl formamide and 
ethyl acetate (10 mL, 21.8 ml/1 g). The resultant slurry was heated to IS^C and stirred for 30 
minutes to dissolve all solids. The afforded solution was cooled from IS^'C to 10°C over 120 
10 minutes. Seed crystals of Form A were added at lO^'C. Cyclohexane (20 mL, 43.7 mL/1 g) 
was added dropwise to the mixture over a period of 60 minutes while the temperature was 
cooled to -10°C over 120 minutes, and maintained for an additional 120 minutes. The slurry 
was filtered and the afforded white crystals were dried to give 0.3 15g of the title compound. 
Form B, in 68.8% yield with an HPLC area of 98.2. 

15 

Form B - Altemate Procedure 

A 5-mL Wheaton bottle was charged with 250 mg of the title compound that had not 
been purified as in Example 2 and toluene (3.75 mL, 15 mL/g.) and the resultant slurry 
heated to 75°C and held for 30 minutes. The resultant suspension was allowed to cool to 
20 20°C and maintained at that temperature for 18 hours with stirring. The slurry was filtered 
and the afforded white crystals dried to give 150 mg. of the title compound. Form B, in 60% 
yield with an HPLC area of 99.2 
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